(a) Recombinant histones were expressed in bacteria separately as (H2A/H2B) 2 or (H2A.Z/H2B) 2 dimers and (H3/H4) 4 tetramers, mixed in a 2:1 (dimer:tetramer) molar ratio for reconstitution by salt gradient dialysis and run on 12.5% SDS-PAGE. Note that the H2A.Z band can be readily discriminated from that of H2A. Octamers purified from gonadotrope cells were used as a positive control. (b) Typical nucleosome reconstitution used for optical-tweezers experiments. DNA (221 bp for 601; 160 bp for Lhb and Cga constructs) was titrated with increasing amounts of histones for each reconstitution reaction. All the reconstitutions were performed at the same conditions and 1/8 of each reconstitution reaction was run on a 1% agarose gel post-stained with EtBr. "N" stands for naked DNA -with no histones. Three bands are seen in the gels, with intensities that vary depending on the concentration of histones used for the reconstitution: Naked DNA (NAK), nucleosomes (NUC), and a lower mobility product (LMP) that appears at high histone concentrations. We attribute this band to non-specific binding of histones to DNA, as indicated by their mobility and by their inability to efficiently ligate to the dsDNA handles, which suggests that the restrictions sites are covered by histones.
To improve the purity of our nucleosomes, we chose samples (indicated by the red arrows) at an octamer concentration below the one that resulted in the nucleosome's band peak intensity. In this way, while we had a significant fraction of naked DNA (which can be easily identified in the optical tweezers), we had practically no traces with non-specific histone binding to DNA.
Supplementary Figure 3: Additional characterization of reconstituted nucleosomes.
(a) Nucleosomes reconstituted on 601 DNA (upper panel) and Lhb TSS (lower panel) were subjected to Dynamic Light Scattering analysis. Measured hydrodynamic diameters were 10.7 ± 1.2 nm and 10.3 ± 1.4 nm (mean ± 90% C.I.), for 601 DNA and Lhb TSS, respectively. (b) A total of ~2.5 pmol of each reconstituted nucleosome was subjected to 20 gel units of MNase for 10 min at 37°C in reaction buffer. The DNA was purified using a PCR purification kit. The reaction products were run on a 2.5% agarose gel. UC = nondigested naked DNA construct, NK = digested naked DNA, NC = digested nucleosomes.
(c) Reconstituted nucleosomes were ligated to dsDNA handles with a terminal digoxigenin, incubated with beads coated with antibodies against digoxigenin, pulled-down, and the supernatant was run on 1% agarose post stained with EtBr. H = dsDNA handles; L = ligation of handles and construct; PD = pull-down. (d) Ligation products were used as templates for a qPCR reaction, using a forward primer located in the dsDNA handle, and a reverse primer located in the reconstitution template. The results were normalized to the mean of the results obtained with naked DNA. NAK = naked DNA; NUC = nucleosome sample; LMP = sample at high octamer loading, with high concentration of LMP. The efficiency of ligation is 2.1-fold higher for NUC-rich samples as compared to LMP-rich samples (p=9x10 -4 , two-sample Student's t-test.). (e) Reconstituted nucleosomes were ligated at both ends to ~600 bp dsDNA handles that allow to apply a stretching force on the construct. (f) Force-extension curves for 601 (green) and Lhb TSS (green) nucleosomes reveal the typical low-force opening of the outer turn, and high-force opening of the inner turn.
Supplementary Figure 4:
Single-molecule unzipping curves. Unzipping traces for all of the nucleosomes measured (colored lines) together with a typical unzipping trace of their respective naked DNA (black). n= 88, 27, 28, 34, 7, 8, 37, 38, 27, 28 . Total=322. 
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